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It ha recently been shown that although growth in body weight 
in the young rat may be completely suppressed by underfeeding 
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for considerable periods, nevertheless, certain organs and parts 
of the body having a very strong growth tendency continue to 
increase in weight, other organs and parts with a weaker growth 
capacity remain nearly unchanged, while still other parts suffer 
a loss in weight (Jackson '15 band Stewart '16). These changes 
were observed chiefly in rats whose underfeeding began at the 
age of three weeks and terminated at the age of ten or twelve 
weeks. Very few observations have been recorded, however, 
concerning such changes which may occur either in younger 
animals ubjected to inanition for various periods, or in animals 
underfed for much longer periods. An investigation was there-
fore undertaken in order to determine these changes. The work 
was done in the Institute of Anatomy of the University of Minne-
sota, under the supervision of Dr. C. M. Jackson, to whom I a:n 
indebted for valuable aid and direction. 
MATERIAL AND METHODS 
For the present investigation eighty-nine albino rats (Mus 
norvegicus albinus) were used (table 1), all of which were autop-
sied at the close of the experiment. They included thirty-four 
controls and fifty-five test rats. 
From the litters used, the controls were selected at the begin-
ning of the experiment, the sex being d_etermined according to 
the method of Jackson ('12). Seven (4 M, 3 F ) of the controls 
were killed and autopsied when they had reached (on full feeding) 
an approximate average net body weight of 10 grams, four ( M, 
1.F) at 13 gram , fourteen (7 M , 7 F) at 15 grams, one (M) at 27 
grams, one (F) at 40 gram , four (2 M, 2 F ) at 50 grams, and 
three (2 M, 1 F ) at 70 grams. Whenever possible, the controls 
were selected from the same litters as the test rats. In some 
instances, however, this wa not possible, especially in the case 
of the controls for the rat underfed for very long periods. 
The majority of the test rats were tarved for intermittent 
periods starting a short time (24 to 48 hours) after birth, and were 
killed (by · chloroform) and autopsied at the age of three weeks 
(17 rats; 9 M, 8 F), ix weeks (9 rats; 6 M, 3 F), and ten weeks 
• 
TABLE 1 
Average and range of gross and net body weight, body length, tail ratio, and weights of the head, trunk, extremities, skeleton, musculature 
visceral group mid 'remainder' 
Test rats in first six groups were underfed from birth; last six groups from age of three 11·ceks 
DESCRIPTION OF RATS, 
0ROS8 DODY WEIGHT NET BODY WEIOHr DODY LENGTH IUTIO OF TAIL LENGTn TO NUMBER, SEX AND AGE HOOY LENGTH 
--
grams orams mm. 
4 Control M 7.5(7-8)da. 10 .6(10 0-11 2) 9 82(9 3 10 3) 65.5(64.0-67 .0) 46 9(40 .&-56 7) 
9 Test M 21.2(20-23)da. 10.2(95-11 5) 9.90 (9 .1-11 2) 68.0(66.0-69.0) 59.0(57.4-63 6) 
3 Control F 7 da. 10.5(10 0-10 8) 9 77 (9 3-10 I) 64.7(62 0-66 O) 45.4(43.9-47.0) 
8 Test F 22.2(21-28)da. 10 .5(9.5- 11 .5) IO . 20(9. l- 10 . 9) 69.8(66.0-76.0) 66.3(52 9-71.2) 
3 Control l\.I 14(13-17)da. 13 .6(13 5-13.6) 12 .97 (12 &-13 3) 7Ul(70.0-72 .0) 57.2(56 3-58.3) 
6 Test l\I 47(42-59)da. 14 .1(13 .1-15 9) 12 . 50(11 . 3-13 3) 82.3(77.0-87.0) 68 2(67.1-69.0) 
l Control F 13 <la. 13 .2 12 76 71.0 60.6 
3 Test F 42 da. 13 .8(13 0-14 9) 12 82(12 2- 13 7) 78.3(76 0-80 0) 75.3(74.7-76.3) 
7 Control l\l 12.6(11- 15)da. 15 .9(15.0-16 .9) 14 95 (14 2- 15 9) 75.2(71.0-79 O) 53 .7(47 .9-56 6) 
6 Test l\I 69 2(M-72)da. 15 .5(14.4-17.0) 14 .29 (13 4-15 6) 86.8(83 0-89 O) 73.9(62.4-85 .5) 
7 Control F 12 . 9(11- 15)da. 15.6(15 .0-16 2) 14 71 (13 8-1.J .7) 75.3(74 0-77 0) 56.6(53.9-60 8) 
7 Test F 69 .1 (67-72)da. 16.1 (14 0-17.1) 14 86(13 2- 15 . 7) 84.9(81.0-88 O) 82 .0(76.1-87. 7) 
l Control M 22 da. 29 6 27.2.) 98.0 73.5 
l Test l\I 139 da. 30.0 28 67 118 .0 89.0 
l Control F 37 da. 44.5 39.99 116 .0 78.4 
l Test F 316 da. 42.4 39.63 130.0 
2 Control M 36(35-37)cla. 51.6(50 .5-52.8) 49.10(47.5-50.7) 120.5(120.0-121.0) 6.5.5(65 2-65 8) 
4 Test l\I 412 (374-428)cla. .48.6(44.1-52.4) 46.02 (40.9-49.9) 134 .3(132.0-140 .0) 88. 3(84.1-93 .2) 
2 Control F 44(43-45)cla. 53.3(50.0-56.5) 48 .55(45 .2- 51.9) 122 .5(121 .0-124.0) 83 7(83 5-83 9) 
4 Test F 392(377-428)cla. 54.1(49 0-56.5) 50 41 (45.3-53 .9) 138.5(135.0-148 0) 93 .1(89.2-97 .1 ) 
2 Control M 47(46-48)da. 76 5(76 0-77 O) 71 93 (70.5-73 .4) 140 .5(140.0-141 .0) 78 .95(72.1-85.8) 
4 Test M 291(223-316)da. 77 .6(66.8-101 5) 69 87(63.4-83.2) 152 .8(150 .0-157 .0) 92.70(87.9-94 8) 
l Control F 53 da. 73.0 67.85 137.0 79.60 
2 Test F 314(311-316)da. I 81.6(67.0-96.2) 67.20(58. 1-76.3) 149.0(146.0-152 .0) 92.25(91.1-93.4) 
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TABLE I- Continued 
HEAD UPPE R EXTREMlTIEB LOWER E XTREl.flTI ES 
g1ama grams grams 
2.35(2.29--2.50) 0 .686(0.454--0 .814) 0 .930 (0.684--1 .090) 
2.78(2.60-2 90) 0.797 (0.734--0 .912) 1.191 (1.089--1 .294) 
2.51 (2.44-2 .60) 0.668(0.494--0 .806) 0 .940(0.650--1 .101) 
2. 88(2 70--3 00) 0 .804(0.697- 0.901 ) 1.237 (1.03&-l .371 ) 
3 .40(3. 30--3 . 50) 1.168(1.120--1 .204) 1.596(1.565-1.657) 
3. 30(3. lQ--3 . 50) 0 .928(0.855-0 .992) 1.649 (1.588--1 .767) 
3.40 1.176 1.606 
3.23(2.90--3 .50) 0.918(0.891--0 .959) 1.626(1.465-1 .751 ) 
3.70(3.50-3 .90) 1.208(1.000-1 .306) 1.842(1.611- 2.000) 
3.80 (3 50--4 .10) 1.045(0.917- 1.137) 1.899 (1.690--2 .012) 
3.70(3.40--3 80) 1.194(1.000-1 .325) 1.869 (1.710--2 .000) 
3.90(3.80--4 .10) 1.079(0 .912- 1.262) 1.970(1.771- 2.143) 
5.10 2.210 4.167 
6.00 2.100 4.600 
6.40 3 .105 6 900 
8 .00 2.992 6.095 
6.90 (6.7- 7.1) 3 .611 (3.600--3.622) 7.534(7.369--7.700) 
8 .70 (7.4--9 .3) 3.477(2.587- 3.911 ) 6.998(5.57&-7.889) 
6.85(6 .4--7 .3) 3.487 (3.280--3 .693) 7.697 (7.240--S .154) 
8.75 (8.4--9 .2) 3.816(3.400--4 .199) 8 .180(6.823-9 .502) 
8.75 (8 .7- 8 .8) 4.964(4.798-5 .130) 11 .577 (11.524--11 .630) 
10 .55 (9 .8-11 .2) 6.033(5.200-6 .900)1 14 .200 (12 .800--15 .200)' 
8 .60 5.096 11 . 757 
10.35(10 .H0.6) 5.550(4.800-6.300) 13 .700(11.600--15 .800) 
·rRUNK 
grnms 
5.856 (5.305-6 .558) 
5.130(4.492-6 .321 ) 
5 .648(4.892-6 .548) 
5.285 (4.630--5 .662) 
6 .839 (6.564--7 .114) 
6.635 (5.625-7 .437) 
6.578 
7.041 (6.657- 7.513) 
8 .209 (7.644-8 .945) 
7.564(6.834--8 .505) 
7.965 (7.150--8 .722) 
7.913 (6.417- 8 .712) 
15 .771 
15.966 
23 .585 
22 .547 
31 .054(29 .809--32 .300) 
26 .842(25 .357- 28 .843) 
30 .496(28 .253-32 .739) 
29 .662 (26 .38&-34 .161) 
46 .665 (45.478-47.852) 
39.400(32 .100--50.500)1 
42 .392 
37 .600(31 .600--43 .600) 
INTEGUMENT 
urams 
1.999 (1.800-2 .109) 
2.095(1 .553-2 .760) 
2.124(1.940--2 .279) 
2.032(1.407- 2.600) 
3.181 (2.920--3 .450) 
1.921 (1.714--2 .116) 
3 .340 
1.784(1.578-1.925) 
3.895(3.540--4 .700) 
2.064(1.650--2 .318) 
3.909 (3.414--4 .500) 
2.018(1.872- 2.534) 
4.730 
4.400 
7 .118 
6 .515 
9.413 (9.400--9 .426) 
7.449 (5. 361- 8 .900) 
9.231 (8 .820--9 .641 ) 
9 .174(8.164--10 .000) 
14 .055(12 .334--15.777) 
17. 300 (11 .268-22.200)' 
12. 713 
18. 700)4 
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TABLE I-Continued 
LIOAMENTOUS SKELETON MOIST CARTILAGINOUS Oll\' CARTILAGINOUS SKELETON SKELETON 
grams grams grams 
1.636(1.393-1.799) 0 .715 (0 .48[- 0 959 )1 0.145 (0.118-0 184)1 
1.915(1.767-2 .092) l .6LO (l .398-1 887) 0 .359(0.290-0 .451 )2 
1.598(1.509-1 .700) 0 .856(0 .543-1 .168) 3 0.1361 
1.923(1.610-2.256) 1. 440(1. 216-1 897) 0 .389 (0 328-0 492)2 
2.302(2 .225-2 .394) 1.699(1.519-1.865) 0 .329(0 289-0 .359) 
2.686(2.536-2 .867) 2 .331(1 .891-2 .485) 0.554(0 483-0 753) 
2.297 1.815 ~0 . 342 
2.599(2.386-2 .715) 2.350(2 .308-2 .418) 0 .526 (0 .422-0 .630) 
2.372 (2.130-2 .714) 1. 667(1 399-2 088)6 0 376(0 336-Q 423) 1 
2.937(2.796-3.153) 2 568(2.121-2 .737) 0 .767(0 .662-0 .856)• 
2.341 (2.204- 2.561) 5 1.528(1.294--2 .006)' 0 .372 (0.350-0 .390)7 
2.894(2.700-3 .013) 2.386(1 .948-2 847) 0.731 (0 .683-0 .856) 
4.305 3.587 
5.400 4.300 2.079 
5.844 
8.838 7.957 3 081 
6.785(6.620-{).951) 5.572(5 .411-5 .733) 1.603(1 .336-1.870) 
8.151(7.558-8.796) 7.209 (6.403-8.341) 3.523 (2.897-4 .035) 
6.207(6.066-6.347) 5.1934 
8.963(7.930-10.111) 7.774(7.055-8.813) 1 3.942(3.340-4.415) 
8.457(7.903-9.011) 7.197(6.281-8.104) 2.503(2.229-2.776) 
12 .500(11.300-13.800)' 9.030(8.800-9.300) 1 4.273(3.738-4.890) 
8 .202 7.232 
11 .550(11.100-12.000) 9.400(9.100-9.700) 3.856(3.692-4.020) 
1 Average of 3 individuals. 
2 Average of 7 individuals. 
3 Average of 2 individuals. 
• Average of 1 individual. 
~ll.'SCrLATl...RE VI&'ER.'\J. OHOt'P I REMAINDE:R 
-
grams gram.Ii grams 
2 244(l 590-2 473) 1 977 (l 89l 2 L"i3) 1.fllH( l .664-2 .686) 
2 .4-12 (2. 197- 2.986) . 2 .501 (2 2il 2.719) 1.076 (0 534--2.027) 1 
2.336(2 020-2 .745) 2.002 (1.896-2. 135) 1.683(1.371-2. 137) 
2 530 (1 640-2.890) 2 .606 (2.322-2. 982) 1.109 (0.583-1.554) 
3 053 (2.953-3.119) 2.729(2.568-2.956) 1.705(1.184-2.129) 
3 338(2 979-3 .608) 3.512(3.184--3.905) 1.104(0 .000-2.038) 
3.190 2 .787 1.146 
3 .659 (3. 510-3 .860) 3.563 (3. 400-3.745) 1.213(0.622-1.695) 
3 8·10(3 609-4 .060)5 2.935(2.775-3.042) 1.877 (1.686-2 .131)• 
3.966(3.368-4.467) 3.840 (3. 425-4 .209) 1.486(1.028-2.088) 
3.863 (3. 488-5 .126)5 2.933 (2.758-3. 168) l. 691(0 .105-2. 564) 5 
4.473(3.660-5 .227) 4.204(3. 768- 3.065) 1.271 (0.855-1.703) 
8.175 5.453 4.585 
8.500 5.388 4.978 
14 448 7.448 5.132 
12 .393 7.668 4.220 
16.650(16.320-16 .980) 8 .605 (8.298-8.912) 7.651(5.900-9.402) 
16 .377 (11.472-18 .821 ) 8.893(7.934--11.283) 5.146(4.074--5.734) 
16.447(15 .684--17.209) 9 .646(8. 935-10.356) 7.000(5.668-8 .333) 
18.110(13.355-21.076) 9.537(7.026-13.74-1) 4.626 (3.466-5.894) 
28 .082(26.474--29.690) 13 .680(13.025-14.336) 7.662 (3.129-10.196) 
33.700(30.000-37.400)' 11.186(10. 733-11.639) 3 6.3004 
26.221 10.254 10.455 
35.3004 10.6984 0.000 
•Average of 6 individuals. 
6 Average of 5 individuals. 
1 Average of 4 individuals 
s Average of 8 individuals 
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306 CHESTER A. STEW ART 
(13 rats; 6 M, 7 F), the average net body weight at each age being 
approximately 10, 13 and 15 grams respectively. 
In addition sixteen rats, starting at three weeks of age, \\·ere 
underfed for much longer period (to 139 to 412 days of age; see 
table 1). They were then killed and autopsied. For one litter 
of the group fasting for a long period CM 29), the underfeeding 
started at the age of five \Yeeks. Four rats of litters S 26 and 
::\1 29 (one male and one female of each litter), and one male of 
litter St 44 were accidentally asphyxiated by illuminating gas. 
The e rats are all included in the two groups of test rats weighing 
approximately 70 grams. The two asphyxiated individual. of 
litter 1\1 29 had been ref ed about thirty-six hours, which has 
resulted chiefly in a great increase in the contents of the .alimen-
tary canal. 
In general the plan was to kill the test rats at the same body 
weight as the corresponding controls, but this was not always 
possible. Nevertheless, the average body weight of the different 
groups of test rats differs only slightly from that for the cor-
responding controls, as is shown in table l. In comparing the 
data from the test rats with those from the controls throughout 
the paper, this difference has generally been disregarded, although 
strictly speaking, there should be a light correction in every case 
for differences in body weight. Such a correction should be based 
upon the net body weight (excluding content of stomach and in-
testines), rather than upon the gross body weight, however. As 
the difference in body weight are in all cases small, it seems 
justified to ignore them in making comparisons. 
The control rats remained con tautly with the mother through-
out the nursing period (three weeks). After this time they were 
fed an abun~ant diet of whole wheat (Graham) bread soaked 
in whole milk. Water was also supplied. 
The test rats (in the experiment upon very young animals) 
were removed from the mother at frequent intervals for periods 
of usually 15 to 24 hours (occasionally longer, the maximum 
being 43 hour ) , and were permitted to nurse during the inter-
vening time. For convenience, these test rats are frequently re-
ferred to throughout this paper as the rats fasting from birth 
J 
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for various periods. The total number of hours that the test 
rats of a litter were separated from the mother during the first 
three weeks (504 hours) after birth averaged 260 hours (213 to 
285 hours or more than half of the total period. Bruning ('14) 
was able to isolate young rats from the mother for only about 
one-fourth of the total nursing period. · 
In most instances when young fasting rats \Vere returned to 
the nest, the mother would immediately take care of them. 
Occasionally, however, after being disturbed, the mother would 
abandon her litter entirely. In these cases it \Tas often possible 
to save the young rats by putting them to nurse with other 
mothers whose young were fasting at that time. By r9ntinually 
putting young rats of different litters in the nest, it was found 
possible to keep one female nursing for twelve weeks. 
The age of weaning for the albino rat is usually given as three 
weeks. However, Donaldson (' 15) ('The Rat,' p. 19) states 
that the young, if permitted, will continue to depend partly 
on the mothC'r for some days longer. One of my litters was 
observed to continue nursing until Rix weeks of age. 
When three weeks old, the test rats underfed from birth, and 
also those used in the experiments starting at three \veeks, were 
placed on the bread and milk diet, receiving only a limited and 
carefully measured quantity daily. As \vas observed by Jackson 
('15 b) and Stewart ('16), the young rats in the present experi-
ments ,,·ere kept at maintenanr<' for a ronRidcrabk· period upon 
a gradually diminishing ration. Thus for one litter (t;t 96) dur-
ing 30 days underfeeding the daily amount of food required for 
maintenance of body weight at approximately 14.5 grams de-
crea ed from an average of 3.87 grams to 2.97 gram:s per rat. 
Later, however, the maintenance ration apparently becomes 
more nearly constant. For example, in the case of another litter 
( t 46) underfed for a very long period the total daily weight of 
food consumed by 5 rats from the 131 t to the 180th day of the 
experiment was constantly 33 grams. The average body weight 
of the. e rats during thi' period remained unchanged ( 47 .6 gram .) 
Stewart (' 16) for one litter found no decrease in the maintenance 
ration from the 60th to the !20th day of the experiment. 
t II 
Htll o• I ·o I HI> 1.111 • 
' . 
TABLE 2 
Average (and range) of weight of the organs, with data from the Wistar tables (Donaldson, '15) for rats of body length corresponding to 
my controls. (In case of the thymus age is the basis of comparison) 
Test rats in the first six groups were underfed from birth; last six groups from age of three weeks 
DESCRJPTJON" OF RATS, NUMBER, DODY LESGTll GROSS DODY WEIGHT NET BODY WEIGHT DRAIN SPINAL CORD SEX AND AGE 
---
mm. grams grams grams gram.! 
4 Control M 7.5(7-8)da. 65 .5(64.CH37.0) 10 .6(10.0-11.2) 9.82(9.28-10.33) 0.609(0.577--0.634) 0.081(0.076--0.087) 
Wistar data 65.0 9.4 0.650 0.071 
9 Test 1\1 21 (20-23)da. 68.0(66 0-69.0) 10 .2(9.5-11 .5) 9.90(9.12-11.20) 0.975(0.839-1.034) 0.137(0.114--0.157) 
3 Control F 7 da. 64.7(62.0-66.0) 10 .5(10 .0 10 .8) 9.77(9.26--10.13) 0.625(0.608-0.644) 0.079(0.077--0.082) 
Wistar data 65.0 9.9 0.679 0.077 
8 Test F 22(21-28)da. 69 .8(66 .0-76.0) IO 5(9.5-11.5) 10 .20(9.13-10.88) 0.996(0.934-1 .035) 0 .135(0 .105--0 .164) 
3 Control M 14(13--17)da. 71. 0(70. 0-72 0) 13 .6(13 .5-13.6) 12 .97(12 .61- 13.28) 0.962(0 .907- 1.025) 0 .124(0.109--0 .136) 
Wistar data 71.0 11 .8 0.840 0.091 
6 Test 1\1 47(42 59)da. 82.3(77.0-87.0) 14 .2(13. 1-15. 9) 12 .50(11.34-13.27) 1.045(0.972- 1.088) 0.176(0.153--0.186) 
1 Control F 13 da. 71.0 13 .2 12.76 1.035 0.145 
Wistar data 71 .0 12.5 0.876 0.098 
3 Test F 42 da. 78.3(76.0-80.0) 13.8(13.0-14.9) 12 .82(12.21-13.72) 1.005(0.923-1.059) 0.184(0.160--0.196) 
7 Control M 13(11-15)da. 75 .2(73.0-79 .0) 15 .9(15 .0-16.9) 14.95(14.24-15.95) 1.021(0.963-1.087) 0.119(0.100--0.129) 
Wistar data 75 .0 13.6 0 952 0.104 
6 Test M 69(64-72)da. 86.8(83.0-89.0) 15.5(14.4-17.0) 14 .29(13.45-15.57) 1.073(0.961- 1.145) 0.199(0.174--0.211) 
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TABLE 2-Continucd 
7 Control F 13(11-15)da. 
I 
75 3(74.0-76.0) 15 6(15.0-16.2) I 14.71(13.84-15.73) l .010(0.95G-l 080~ 0.121(0.103--0.133) 
Wistar data 75 .0 1 14 .3 0.974 0.112 
7 Test F 69(67-72)da. 84 9(81.0-88.0) 16.1(14 0-17.1) 14.86(13.20-15.67) 1.117(1.084-1.180) 0.207(0.188-0.225) <: 
t'J 
.... 
1 Control 1\1 22 da. I 98.0 29.6 I 27.25 1 1. 357 I 0.198 Q ;i:: \\'istar data 98 .0 I 26.2 1.271 0.182 >-3 
1 Test M 139 da. 118.0 30.0 28.67 1.418 0.285 U1 
0 
"'l 
1 Control F 37 da. 1116.0 I 44.5 I 39.99 1 1.444 I 0.262 cj Wistar data 116 .0 42.2 1.411 0.261 z 
1 Test F 316 da. 130 .0 42.4 39.63 1.636 0.409 tj t'J 
::0 
2 Control !\I 36(35-37)da. I 120 .5(120 0-121 O)I 51.6(50.5-52.8) I 49.10(47.5-50.7) I 1.554(1.521-1.588)
1 
0.300(0.296-0.303) "'l t'J 
\\'istar data 121.0 44 4 l.H8 0.265 tj 
4 Test i\I 412(374-428)da. 134 .3(132 0-140.0) 48.6(44.1-52.4) 46.02(40.9--49.9) 1.570(1.496-1.664) 0.407(0.394-0.424) >-< 0 
cj 
2 Control F 44 (43-45)da. I 122 .5(121 .0-124 O)I 53 3(50.0-56.5) I 48.55(45.2-51.9) I 1.427(1.350-1.505)! 0.282(0.276-o.287) z 
Wistar data 123 0 49.1 1.45 0.287 Q 
4 Test F 392(377-428)da. 138.5(135 .0-148 .0) 54.1(49.0-56.5) 50.41(45.3-53.9) 1.533(1.516-1.549) 0.408(0.372-0.468) > t" 
tii 
...... 
2 Control l\I 47(46-48)da. I 140.5(140 0-141.0)
1 
76.5(76.0-77.0) I 71.95(70.5-73.4) I 1.500(1.429--1.571) ! 0.322 (0.294-0.351) z 0 
Wistar data 141.0 . 66.7 1.569 0.338 
4 Test M 291(223-316)da. 152.8(150 .0-157.0)1 77 .6(66.8-101.5) 69.79(63.4-83.2) 1.576(1.502-1.626) 0.415(0.363-0.466) :i::1 > 
>-3 
U1 
l Control F 53 da. I 137.0 I 73.0 I 67.85 I 1.487 I 0.312 
Wistar data 137.0 65.5 1.540 0.341 
2 Test F 314(311-316)da 149.0(146 .0-152 .0) 81.6(67.0-96.2) 67.20(58.1-76.3) 1.540(1.454-1.626) 0.3636 
w 
..... 
..... 
~ ' 
TABLE 2-Continued 
EY E BALLS TRYitOID THY!tl US llEART 
uranu grams grams grams 
0.065(0.058-0.070) 0.0030(0.0026-0 .0034) 0 .023(0.018-0 .027) 0.074(0.064--0 .086) 
0 .058 0.0026 0.020 0.066 
0.090(0.081--0.097) 0.0030(0.0020--0 .0036) 0.015(0.0069-0 .027) 0 .066(0.058--0 .080) 
0 .064(0.062--0.067) 0.0027(0.0026-0 .0029) 0.023(0.020--0 .025) 0.073(0.063--0. 084) 
0 .061 0.0028 0.020 0 .069 
0.094(0.083--0 .098) 0.0030(0.0017--0 .0053) 0 .017(0.011--0 .029) 0.074(0.063--0 .090) 
0.087(0.084--0 .091) 0.0042(0.0032--0 .0054) 0 .037(0.031--0 .040) 0.081 (0.073--0 .090) 
0.069 0.0033 0.031 0.083 
0 .118(0.106-0.127) 0. 0041 (0 .0018-0 . 0050)1 0 .012(0.0050--0 .020) 0.092(0.082--0 .112) 
0 .092 0.0046 0.037 0.084 
0 .072 0.0034 0.029 0.087 
0.118(0.110--0 .124) 0.0047(0.0035--0 .0060) 0.018(0.012--0 .025) 0 .095(0.090--0 .104) 
0 .093(0.088-0.097) 0.0040(0.002S-Q .0056) 0 .048(0.049-0 .056) 0.094(0.085--0 .110) 
0.076 0.0037 0.029 0.095 
0 .149(0.131--0 .157) 0.0038(0.0031--0 .0049) 0.0082(0.0051--0.0150) 0.109(0.094-0.131) 
0 .093(0.087--0 .098) 0.0040(0.0032--0.0052) 0.048(0.041--0 .057) 0.089(0.083--0. 098) 
0 .078 0.0039 0.029 0.099 
0 .160(0.158--0 .161)2 0.0045(0.0031--0 .0064) 0.011 (0.0050--0 .018) 0 .124(0 .106-0 .149) 
I 
LU NOB 
grams 
0.201(0.172--0 .225) 
0.127 
0 .147(0 .129--0 .163) 
0 .191 (0. 178--0.205) 
0 .131 
0.141(0.126-0. 171) 
0 .210(0.197- 0.235) 
0 148 
0 .149(0 .126-0 .169) 
0 195 
0.154 
0 .144(0.132--0. 162) 
0.230(0.207--0 .272) 
0.163 
0.183(0.141--0. 293) 
0 .238(0.216-0.263) 
0 .169 
0.165(0. 132-0.258) 
LI VER 
grams 
0. 37 (0 . 33--0 . 42) 
0.45 
0.40(0.36-0 .44) 
0 . 38(0 35--0. 41) 
0 .48 
0 .48(0. 37-0. 63) 
0 .45(0. 37--0 . 53) 
0.71 
0.71 (0 53--0.96) 
0 .40 
0 .79 
0 83(0.78--0 .89) 
0 . 52(0 .47--0 . 58) 
0 .91 
0.82(0.69-1.00) 
0.56(0.50--0 62) 
0.98 
0. 95(0 . 74-1.10) 
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TABLE 2- Continued 
0.124 0.0064 0 .063 0.197 
0.109 0.0066 0 .051 0 .168 
0.230 0.0041 0.008 0.150 
0.159 0.0072 0 .125 0.211 
0.136 0.0097 0.109 0.246 
0.233 0.0050 lost 0.299 
0 .161 (0.161- 0.162) 0 .0137 (0.0118-0 .0157) 0.207 (0.181-0.232) 0 .335 (0.333-0 .338) 
0 .140 0.0101 0 104 0.256 
0 .287(0.262- 0.314) 0.0067(0.0054-Q .0081 ) 0.011 (0.007S-0 .Ql64) 0.0263(0.242-0.276) 
0 .164(0 .158-0 .171) 0.0074(00071-0 0077) 0.119(0.115-Q.122) 0 .276(0.258-Q .293) 
0.146 0 0110 0.144 0 .276 
0.276(0 .235-Q .297) 0.0074(0.0044-Q.0108) 0.022(0.010-0 .037) 0.286(0.238-0.371) 
0 .173(0.165-Q .181) 0.0142(0.0106--0 .0178) 0.275(0.250-0 .299) 0.380(0.369-Q.391) 
0.166 0.0139 0 .160 0.349 
0.277(0.277- 0.278)• 0.0085(0.0076-Q .0090)3 0.0258(0.021-0.039) 0.350(0.312-0.420) 
0.184 0.0070 0.228 0.344 
0.165 0.0137 0.192 0.344 
0.125' 0.0075' 0.037(0.035-Q.038) 0.366(0.340-Q.393) 
0.275 
0.254 
0.269 
0.345 
0.353 
1. 536* 
0 .454(0.424-Q.485) 
0 .366 
0 .659(0.567-0.835)3 
0 .371 (0.364-0 .379) 
0 .393 
0. 401 (0.395-Q. 407)4 
0.474(0.456-Q .493) 
0.492 
0.559 (0.447- 0.705) 
0.473 
0.485 
0. 616(0. 548-Q. 685)' 
1.26 
2 05 
1.08 
1.92 
3.13 
1.40 
2.06(1.97- 2.15) 
3.26 
2.04(1.66--2 .60 ) 
2.79(2.65-2 .94) 
3.53 
2.46(1.54-4.15) 
4.19(3.57-4.81) 
4.47 
2.56(2.03-3.46) 
3.15 
4.41 
2. 75(1.84-3.66) 
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TABLE 2-Continuod 
STOMACll AND I NTESTINES 
SPL EEN 
Full E'mpty 
grams 9roma grams 
0.053(0.032-0 .074) 1.123(1. 015-1 . 284) 0. 34(0. 29--0 . 41) 
0 .027 0 .29 
0 .026(0.020-0 .032) 0.773(0.668-Q .935) 0 .43(0. 35-Q. 53) 
0.048(0.042-0 .059) 1.080(1.032- 1.148) 0. 38(0. 32-0 .46) 
0 .029 0.31 
0 .026(0.018-Q .039) 0.875(0.597-1 .163) 0.46(0 34-0.64) 
0 .043(0.040-0.048) 1.114(0.837- 1.463) 0. 52(0 .47-0 . 56) 
0.036 0.55 
0.057(0.034-0 .108) 2.481(1.746-3 .923) 0 .83(0. 70-1. 05) 
0 .041 1.033 0.59 
0 .039 0.64 
0 .053(0.045-Q.067) 1.899(1.835-2. 000) 0.88(0. 76-1. 07) 
0 .054(0.044-0.073) 1.419(1 .038- 1.662) 0.51 (0.41-0 .58) 
0 .042 0.78 
0.061 (0.034-0 .095) 2.092(1.748- 2.504) 0. 92(0. 64-1.17) 
0.053(0.047-0.066) 1.437(1.038-1 .814) 0.52(0.41-0 .65) 
0 045 0.87 
0 .071(0.029-Q .129) 2.346(1 .690-2 .567) 1.12(0 .89-1. 74) 
SUPRA REN A LS 
g1anis 
0.0027(0.0022-0 .0032) 
0.0041 
0.0038(0.0032-0.0045) 
0.0027(0.0024-Q.0030) 
0.0044 
0.0050(0.0041-0 .0070) 
0.0042(0.0032-0.0050) 
0.0052 
0.0074(0.0066-Q .0092) 
0 .0046 
0.0055 
0.0070(0.0064-0.0074) 
0.0041 (0.0030-0 .0048) 
0.0059 
0.0082(0.0070-0 .0094) 
0 .0043(0 .0030-0 .0054) 
0.0062 
0.0097(0.0076-Q .0128)3 
KIDNEYS 
grams 
0.125(0.111-0.138) 
0 .143 
0 .142(0.120-0.164) 
0 .130(0 .121- 0.138) 
0.151 
0.167(0.136-Q.223) 
0.153(0 .127-0.168) 
0.179 
0 .223(0.186-0.345) 
0.147 
0.188 
0.210(0.203- 0.222) 
0.180(0.161-0.207) 
0.203 
0.235(0.205-Q.266) 
0.179(0.168-Q.190) 
0 211 
0 .261(0 .241-0 .328) 
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0.104 3.698 1.35 
0.082 2.07 
0.095 2.645 1.31 
0.201 6.708 2.20 
0.127 3.27 
0.101 4.148 1.38 
0.137(0.123--0 .152) 4.863(4.004-5.722) 2. 29(1. 87-2. 72) 
0.133 3.41 
0.212(0.136--0.379) 4.668(3.819-5 .587) 2.06(1.89-2.41) 
0 .343(0.307--0.379) 8.030(7.647-8.413) 3.30(2.82-3.79) 
0.146 3.71 
0.238(0.117--0 525) 5.729(3. 990-8 .496) 2.01(189-2.25) 
0 .337(0.188-0 .486) 8.599(7.75&--9.442) 4. 04(3. 94-4 .13) 
0.193 4.70 
0.191 (0.177--0 .221) 10 .427(5.700-20 .820) 2 66 (2 20-3.09) 
0.295 8.107 2.95 
0.190 4.63 
0 .211(0.193--0.229) 17.209(11.438-22 980) 2.82(2 .55-3.08) 
0.0086 
0.0098 
0.0161 
0 0161 
0.0140 
0.0251 
0.0156(0.0134-0.0177) 
0.0137 
0.0204(0.0185-0 .0248) 
0. 0143(0 .,0130--0. 0156) 
0.0159 
0.0238 (0.0172--0.0394) 
0.0172 (0.0156--0 .0188) 
0.0175 
0.0154(0.0144-0 .0160) 
0.0182 
0.0201 
0.0205(0.0175-0 .0236) 
0.342 
0.338 
0.374 
0.540 
0.483 
0.616 
0.610(0.582--0.638) 
0.502 
0.494(0.424-0.553) 
0.531(0.520--0.542) 
0 .542 
0.583(0.41&--0.920) 
0.804(0.761--0.846) 
0 .687 
0.676(0.646--0 .733) 
0.783 
0.677 
0.659(0.659--0.660) 
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TABLE 2-Continuod 
TESTES EPt DIDYl.U OVARIES 
grams gram& grams 
0.016(0.014-0 .018) 0 . 0078 (0.~. 0095) 
0.041 
0.046(0.039--0 .054) 0 .015(0.012--0 .020) 
0.0018(0.0011--0 .0026) 
0.0031 
0.0033(0.0019--0 .0047) 
0.042(0.033--0 .051 ) 0.015(0.013--0 .016) 
0 .054 
0.068(0.037- 0.088) 0.017(0.0100-0 .0254) 
0.0034 
0.0039 
0 .0065(0.0056-0 .0078) 
0.039(0.033--0.044) 0.015(0.010-0.019) 
0.060 
0 .059(0.045--0.070) 0.014(0.012--0.015) 
0 .0028(0.0019--0.0040) 
0.0043 
0.0043(0.0022--0.0062) 
0 .139 0 .026 
0 .130 
0 .118 0.023 
llYPOPHYSIS 
grams 
0.0012(0.0011--0 .0014) 
0.009 
0. 0016(0. 0014-0 . 0019) 
0.0012(0.0011--0.0012) 
0 .0009 
0.0016(0.0010-0 .0020) 
0 .0016(0.0014-0.0018) 
0.00ll 
0. 0017(0. 0015--0. 0019) 
0 .0016 
0.00ll .. 
0 .0018(0. 0017--0.0019) 
0.0017(0.0014-0.0018) 
0.0012 
0.0021 (0.0019--0 .0022) 
0.0016(0.0013--0.0020) 
0.0012 
0 .0020(0. 0017--0 .0024) 
0.0022 
0.0018 
0.0020 
PI NEAL DODY 
grams 
0.00084(0.0007--0.0010) 
0.00079(0.0006-0.0009) 
0 .00077(0.0007--0.0008) 
0.00076(0.0006-0 .0010) 
0.00087(0.0008-0 .0010) 
0.00073(0.0006-0 .0008) 
0 .0008 
0 .0007(0.0006-0 .0008) 
0.00079(0.0006-0 .0009) 
0.00082(0.0006-0.0010) 
0.00069(0.0006-0 .0008) 
0.00084(0.0006-0.0010) 
0.0012 
0.0012 
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0.394(0.378-0.411) 
0.321 
0.228(0.119-0 .297) 
1.046(0.952-1 .141) 
0.704 
1.053(0.934--1 .099) 
0 .059(0.055--0.064) 
0.040(0.021-0.053) 
0.108(0.095--0.121) 
0.315(0 257-0.428) 
1 Average of 5 individuals. 
2 Average of 6 individuals. 
a Average of 3 individuals. 
'Average of 2 individuals. 
a Average of 1 individual. 
• Pathological. 
0.0108 
0.0080 
0.0203 
0.0090(0.0080--0.0100) 
0.0085 
0.0105(0.0085--0.0128) 
0.0114 
0.0095 
0.0091(0 0072-0.0110) 
0.0030 
0.0025 
0.0030 
0.0033(0.0031---0.0034) 
0.0026 
0.0028(0.0026---0.0030) 
0.0031(0.0030---0.0031) 
0.0028 
0.0034(0.0029-0.0041) 
0.0042(0.0031---0.0052) 
0.0034 
0.0033(0.0028-0.0039) 
0.0036 
0.0038 
0.0040(0.0034---0.0045) 
I 0.0012 
0.0010 
0. 0012(0. 0011---0. 001.1) 
0.0012(0.0011---0.0013) 
I 0.0013(0.0013---0.0013) 
0. 0011(O.0010-0. 0012) 
0.0011(0.0010-0.0012) 
0.00075(0.0007-0.0008) 
0.0008 
0.0008(0.0007-0.0009) 
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318 CHESTER A. STEW ART 
RATIO OF TAIL LENGTH TO BODY LENGTH 
Immediately after death each rat was laid on its back and 
gently extended. The distance from the tip of the nose to the 
anus, and from the anus to the tip of the tail was carefully meas-
ured. From the measurements thus obtained individual ratios 
between tail length and body l~ngth were computed. The 
average of these tail ratios expressed as percentage of the nose-
anus length is given in table 1 for each group of rats. 
The data in table 1 show tliat with advancing age, the tail ratio 
increases in both the control and test rats. However, as com-
pared with that in younger controls of corresponding body weight, 
the tail ratio, without exception, is much higher in the test rats. 
At ten weeks of age the ratio for the underfed individuals averages 
approximately 0.78 (73.9 per cent in the males and 82.0 per cent 
in the females), as compared with an average of 0.55 (53.7 per cent 
in the males and 56.6 per cent in the females) for the younger 
controls of corresponding weight. The differences at other ages, 
though somewhat les , are also very pronounced. It is there-
fore evident that in the underfed rats, the tail continues to grow 
in length more rapidly than the body. Thus the tail ratio in the 
underfed rats at ten weeks (0.7 ) approaches, but does not quite 
reach, the normal ratio of 0.88 (Jackson '15 b) for (larger) rats 
of corresponding age. 
In the rats underfed for very long periods, however, the data 
(table 1) indicate an elongation of the tail (ratio 0.89- 0.93) even 
beyond the normal ratio for correspondi:q.g age. A similar con-
dition wa observed by Jackson ('15 b) in two cases. 
It may further be noted in table 1 that in the controls (except 
at one week of age), and also in the test rats, the tail in most 
instances average relatively longer in the female than in the 
male. The longer tail in the female, as well as the marked elonga-
tion of the tail in young rats held at maintenance, is in agreement 
with the observations by Jackson (' 15 b). 
Hatai ('O ) claimed that feeding rats upon an unsuitable diet 
of tarch mixtures produced short-tailed individuals. Hatai 
('15), however, found the tail length in five stunted rats fed upon 
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a, lipoid-free ration to exceed slightly the length given by the 
\Yistar reference tables for normal rats of corresponding body 
le.ngth. Also in a later personal communication to Prof. C. M . 
Jackson he stated that in rats subjected to chronic inanition the 
tail becomes relatively long. 
Harms ('09) observed that while starvation produced a marked 
decrease in the body length of Triton, the tail length remained 
practically unchanged. ~Iorgulis ('11) however found the con-
verse to be true in Diemyctylus. 
Jackson ('15 a) found that acute and chronic inanition in adult 
albino rats also tends to produce relatively long-tailed individuals, 
due probably to a shrinkage in the trunk length. 
HEAD 
In the test rats underfed from birth to three and ten weeks of 
age, the absQlute weight of the head (table 1) is slightly higher 
than in the control of corresponding body weight. In the test 
rats at three weeks of age there is an appal nt increase from 
an average of 2.42 grams for the younger controls (sexes com-
bined) to 2.83 grams, an increase of approximately 16 per cent 
(uncorrected for light difference in body 'might). The in-
crease in head weight at this age is due in large part to the increase 
in the weight of the brain. At ten weeks of age, the increase of 
the head weight in the test rat (about 4 per cent) is very slight. 
At six weeks of age, the weight of the head for the underfed in-
dividuals (3.27 grams) is slightly lower than the average f~r the 
younger controls (3.40 grams) . In the rats underfed for very 
long periods the weight of the head exceeds that in the controls 
16 to 26 per cent. 
In general, therefore, the data indicate that in very young rats 
underfed for con iderable p~riods, the weight of the head slightly 
exceeds that of the younger controls of corresponding body weight, 
e pecially after very long periods of underfeeding. 
Jackson ('15 b) similarly found in the majority of instances 
the head apparently to increase slightly in weight in young rats 
kept at maintenan~ for various periods. In adult rats ubjected 
to both acute and chronic inanition Jackson ('15 a) found the 
320 CHESTER A. STEW ART 
head to become relatively large, due to the very sight loss of the 
head in weight, as compared with the loss in weight of the body 
as a whole. 
EXTREMITIES AND TRUNK 
According to Jackson and Lowrey ('12) the upper extremities 
(fore limbs) at one week of age normally form an average of 
8.92 per cent of the body, the average net body weight being 
11.6 grams. In my controls of the same age, but somewhat 
lighter in weight (9.8 grams net), the average relative weight of 
the upper extremities (6.9 per cent) is lower. This difference 
may be due in part to variation in the t.echnique used in removal 
of the extremities, though in both cases they were divided at the 
shoulder joint. 
As compared with my controls the weight of the upper ex-
tremities (table 1) is heavier in the test rats underfed from birth 
to three weeks of age. The apparent growth from 0.678 to 0.800 
gram (sexes combined) represents an increase of about 18 per 
cent. In the case of the rats underfed longer periods the weights 
of upper extremities are variable, but in the majority of instances 
they are lighter in the test animals than in the controls. On the 
whole, the differences are not very striking. 
In the case of the lower extremities (table 1), the average 
relative weight of the hind limbs (9.53 per cent) for my controls 
at one week, is slightly lower than the relative weight (11.97 
per cent) obtained by Jackson and Lowrey ('12) for normal rats 
of the same age. 
As compared with my controls, the data in general indicate no 
distinct change in the weight of the hind limbs in the test rats. 
In the ca e of the four males underfed until 291 days of age there 
is an apparent increase from 11.58 gr~ms in the controls to 14.20 
grams in the test rats. The lower extremities are also much 
heavier in the females underfed to 314 days of age as compared 
with the younger control of corresponding body weight. At 
all other age , however, the differences are variable and much 
less marked. 
J 
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The weight of the trunk (table 1) is also variable, but in the 
majority of cases averages slightly lower in my test rats than in 
the controls. The differences, however, are small, and there-
fore, as in the case of the lower extremities, are of questionable 
significance. 
On the whole, therefore, the data indicate that the weights of 
the extremities are practically normal in the test rats as compared 
with the younger controls of corresponding weight. The slight 
increaf'e in the head, especially in the older groups, is apparently 
compensated for in most cases by a corresponding decrease in 
the weight of the trunk. Considerable allowance should be made, 
however, for experimental error and normal variability. 
Jackson ('15 b) in somewhat similar experiments noted no 
distinct change in the body proportions. There was, however, 
an apparent slight increase in the head, counterbalanced by a 
corresponding decrease in the trunk and extremities. During 
inanition in adult rats, apparently both the head and the extremi-
ties increase in relative weight, whereas the trunk decreases (Jack-
son '15 a). 
IXTEG UMEN"T 
In my young test rats underfed from birth to six and ten weeks 
of age, the weight of the integument (table 1) is considerably 
lower than in the controls. At 10 weeks of age the average de-
crea e from 3.9 to 2,0 grams amounts to a loss of about 4 per cent. 
Jack on ('15 b) likewise observed that the integument suffers 
a considerable lo s in weight in young rats held at maintenance 
for various periods. For my test rats underfed from birth to 
three weeks, however, the relative weight of the integument 
averages 21.13 per cent of the body weight, as compared with 
21.05 pe,r cent for the younger controls of corresponding body 
weight. Thus it is evident that in rats underfed from birth to 
three weeks there is practically no change in the weight of 
the integument, which is in marked contrast to the loss suffered 
in the test rats fasting for longer periods. The grea. ter severity 
of the longer fa t a compared with the shorter period may ac-
count in part for the differences observed. This may be due to a 
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stronger growth tendency in the integument during the early 
maintenance period, or to a stronger tendency to accumulation 
of fat in the normal integument in the later periods. 
In the test rats underfed for very long periods and weighing 
between 30 and 50 grams, the weight of the integument averages 
still somewhat lower than in the controls of corresponding weight, 
although the difference is less marked than in the ten weeks' 
group. The weight of the integument in the test rats weighing 
approximately 70 grams at the end of long periods of under-
feeding, however, averages considerably higher than in the cor-
responding controls. 
Aron ('11) fqund the skin in dogs held at constant weight to 
show a slightly higher percentage of the body weight than in 
normal control dogs. In these experiments, however, as pointed 
out by Jackson ('15 b), if comparison had been made with the . 
controls at the beginning of the experiment instead of at the end, 
the opposite conclusion might have been reached. During acute 
and chronic inanition in adult rats, Jackson ('15 a) found the 
integument to lose weight in nearly the same proportion as the 
whole body. 
Although the integument as a whole in most cases suffers a 
marked loss in weight, it was nevertheless observed that the 
external ear (fig. 1) in the young stunted rats, steadily continues 
to increase in size, and also changes its form so as to approach 
the normal adult appearance. The continued growth of the 
external ear is probably a~sociated with the growth tendency of 
its skeletal (cartilaginous) portion. 
SKELETON 
The ligamentous, moist cartilaginous and dry cartilaginous 
skeletons were prepared as described by Jackson (' 15 b). The 
moist skeleton wa dried to constant weight in an oven at 85°C. 
It is evident from the data in table 1 that the weight of the 
ligamentous skeleton is constantly higher in the te t rats than in 
the controls of corre ponding weight. In the test rats at ten 
weeks of age there is an apparent increase in the weight of the 
ligamentou skeleton from an average of 2.357 grams (sexes 
l 
l 
e 
s 
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combined) for the younger controls to 2.915 grams for the 
underfed individuals. The increase amounts to near y 24 per 
cent (uncorrected for slight difference in body weight). 
Similarly, the data for the moist cartilaginous skeleton (table 1) 
show a marked increase in the underfed rats. For the test ani-
a 
Fig. 1 a. External ear of a normal albino rat two weeks of age weighing 15.0 
grams. X 4. b. External ear of an albino rat underfed from birth to three 
weeks of age. Weight of rat wa 11.5 grams. X 4. c. External ear of an albino 
rat underfed from birth to ten weeks of age. Weight of rat was 15.4 grams. X 4. 
d. External ear of a normal albino rat ten weeks of age wcighin!!; 9.0 grams. X 4. 
mals ten weeks of age the average ab olute weight of the moist 
cartila~inou keleton (2.470 gram ) exceeds that for the younger 
control (1.597 grams) by 0. 73 gram, an excess of about 54 per 
cent. At other ages the differences are also very striking. 
-· - . 
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The weight of the ligaments and periosteum (obtained by sub-
tracting the weight of the moist cartilaginous from the weight 
of the ligamentous skeleton) apparently has decreased consider-
ably in the te t rats at three, six and ten weeks of age. For the 
last group there is an apparent loss in weight from an average 
of 5.12 per cent of the body weight- in the controls, to an 
average of 3.04 per cent in the test rats. The data for the 
ligaments and periosteum at the' end of the very long fast-
ing periods are variable, but in the majority of instances there 
i an indication of an increase in the weight of this portion of 
the keleton. 
Jack on (' 15 b) in similar experiments starting at three weeks 
of age, found the ligamentous skeleton to manifest a marked 
growth tendency during maintenance. 
The alkaline solution in which the skeletons are boiled probably 
act more severely on the tender skeletons of my young c,ontrols 
than on the tougher and more calcified skeletons of the older test 
rat , thu giving an abnormally high apparent weight for the 
ligamentous portion of the skeleton in the controls. This would 
no doubt tend to mask any actual increase in the ligaments and 
perio teum in the rats underfed for the shorter periods. This 
may account for the difference between my results in earlier 
period of fa ting and those obtained by Jackson for the liga-
mentou tructures. 
In the case of the dried cartilaginous skeleton the data (table 1) 
indicate a greater percentage of dry substance in the skeletons 
of the test rat than in the controls. · At ten weeks of age the 
percentage of dry substance amounta to 23.4 per cent of the 
moi t cartilaginous skeleton in the controls and 30.3 per cent 
in the te t rat . Al oat other periods (both older and younger) 
the percentage of dry ub tance in the skeletons of the test rats 
exceed that for the controls. 
It i evident, therefore, that during the underfeeding the 
kel ton had gained in olid and lost in water content. Thus 
th continued growth of the skeleton had proceeded along the 
line of normal development, for Lowrey (' 13) finds the dry 
.sub tance of the normal ligamentous skeleton to increase steadily 
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from an average of 33.3 per cent at t,~·enty days of age to 52.6 
per cent at one year. 
Further evidence of growth continuing according to the normal 
process is indicated by the appear~nce of the third molar in the 
mandible and maxilla of the test rat underfed from birth to ten 
weeks of age. This tooth is not visible in the jaws of the younger 
controls with the same body weight. 
The various individual bones of the skeleton in the underfed 
young rats are not only larger but also more advanced in their 
stage of development. The epiphyses at the ends of the humerus, 
especially at the distal end, are well fused with the shaft, much 
more so than in the case of the younger controls. Also the 
epiphyses at the ends of the femur and tibia are more completely 
developed in the te t animal at ten weeks of age than in the 
controls, and in the former only ha the tibia fused with the dis-
tal end of the fibula. 
In general, therefore, the results confirm the ob ervations of 
Jackson ('15 b) that during maintenance of body weight in 
young animals, not only skeletal increa e in mass occur , but 
also skeletal growth and differentiation of apparently normal 
character, though somewhat retarded in rate. 
Waters ('0 ), who found that calve continue to increa e in 
height and width of hip for a con iderable time when held at 
maintenance, wa probably the first to ob erve the fact that the 
skeleton continues to grow in young animals even when the body 
weight is held con taut. 
Aron ('11) noted an increa e in the length and height of young 
dog held at constant weight for con ide.rable period . He al o 
found an increa e in nine of the individual bone , but made no 
observation upon the entire keleton. The fir t complete and 
systematic tudy of the growth of the keleton in young animals 
held at maintenance wa by Jack on ('15 b). 
Birk ('11), Aron ('14), He ('16) and other how that a trong 
growth tendency of the keleton i apparently manif e ted al o 
in children during malnutrition. 
During acute and chronic inanition in adult rat the keleton 
nearly maintain its original weight (Jack on '15 a). 
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MUSCULATURE 
The absolute weight of the musculature (table 1) averages 
constantly higher (except in the four test males at 412 days, 
and in one female at 316 days) in the underfed rats than in the 
controls of corresponding body weight. The apparent increase 
in the individuals underfed from birth to ten weeks from 3.85 
grams to 4.24 grams (sexes combined), however, represents an 
increase of only 10 per cent. The greatest excess is in the four 
test males at 291 days, in which the weight of the musculature 
exceeds that of the (younger) controls by about 20 per cent. 
At other ages, however, the differences are not very striking. 
In the exceptional cases mentioned above the average weight 
of musculature for the .test rats is slightly below that for the 
(younger) controls of the same body weight. 
In general, therefore, it appears that the musculature in the 
test rats differs only slightly from that of the controls. The 
averages, however, indicate a slight increase in weight in the 
majority of cases. On account of the difficulty in removing the 
musculature completely in a uniform manner, the exceptions 
may be due to experimental error, rwther tha.n to variability in 
the musculature. 
Jackson (' 15 b) likewise observed but slight change in the 
weight of the musculature in young rats kept at constant body 
weight, although in the majority of cases there was a slight 
tendency to increase. Since the tendency is even greater and 
more constant in my series, it may be concluded with a fair de-
gree of certainty that in young rats of various ages held at main-
tenance for various periods the musculature shows a slight but 
definite tendency to increase in weight in the great majority of 
case. 
During both acute and chronic inanition in adult rats Jackson 
' ('15 a) found the musculature to lose relatively in nearly the 
same proportion as the whole body, the loss being somewhat 
greater in chronic than in acute inanition. 
WEIGHTS OF UNDERFED YOUNG ALBINO RATS 327 
VISCERA 
The weight of the visceral group as a whole (table 1), including 
the abdominal and thoracic viscera, brain, spinal cord and eye-
balls, in the rats underfed from birth to three, six and ten weeks 
of age, average constantly higher than in the corresponding 
controls. The increase in absolute weight amounts to approxi-
mately 28, 29 and 38 per cent in the test rats at three, six and ten 
weeks respectively. In the rats underfed from 21 to 412 days 
of age the increase is less marked, while in the test rats weighing 
75 grams at 291 days there is an apparent decrease in the weight 
of the visceral group from 13.6 to 11.19 grams, a loss amounting 
to approximately 19 per cent. 
From the foregoing, it is evident that in rats underfed from 
birth to three, six and ten weeks of age, there i a distinct increase 
in the weight of the visceral group. In the older test animals 
the changes are less m;:i,rked, in some instances actually showing 
a considerable loss in weight. .My data, however, indicate an 
increasing tendency to loss of weight in the visceral group in 
prolonged retardation of body growth, although the individual 
viscera differ in this respect, as will appear later. 
Jackson ('15 b) likewise found the visceral group to show a 
distinct increase in weight in rats kept at maintenance from three 
. to six, eight and ten weeks of age, but found no essential change 
in the Iater periods. According to Jack on ('15 a) the visceral 
group undergoes little change in relative weight in adult rats 
during acute and chronic inanition. 
'REMADl'DER' 
The weight of the 'remainder' (table 1), which includes ome 
small unweighed organs, fat, and body-fluid , was obtained by 
deducting the weight of the integument, keleton, mu culature 
and viscera from the net body weight. The inte tinal contents 
are therefore not included. 
In the rat underfed from birth to three weeks of age the 're-
mainder' ha apparently uffered an average decrease from 1. 43 
to 1.092 gram or a lo s of approximately 40 per cent, which 
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wa comp n. d for by an incr a e in the keleton and muscula-
tur . Th mark d d r a e of the 'remainder' in these very 
·oung rat · may pmdbly b du to a d crea e in body fluids, the 
p r en tag of which i: very high in young rats (Jackson and 
Lowrey 12), (Lowrey '13) . 
In h lat r p ri d th data how con iderable variability in 
th 'r mainder, hut in mo t instance the weight of the 'remain-
der' i. hi h<>r in th lat r p riods . 
. Jack. on (' 15 b) found on iderable variability in the 'remain-
d r' of youn rat h Id atmaintenance beginning at three weeks or 
I t r , bu on:id r d it doubtful whether there is any definite 
hang in h t t rat , a compar d with the normal. In adult 
ra ·ubj rt d a ut or chronic inanition, however, Jackson 
( 1; a) found ad tini d crea e in the weight of the 'remainder,' 
pr bably du to lo f fat. 
BRAI 
WL!c;JIT.' CH' l "J>EHP~:ll YO •:-;1, \1,111 ·o H \T · :l:rn 
brain in my rontrol. i · 11. ually hraviPr th:rn the Wi ·tar norm for 
rat~ of rorrc:ponding body Jcnii;th. 
From the foregoing it i: Pvid<'nt that in rat undc•rfc•d from birth 
to thr<'<' week.' of age there· i: a marked inrr a • in t hi' WC'ight of 
th brain, wher a· <luring the lon1?;Pr fa .· ting period. (both in 
tho:-;p beginning at birth and tho • b ginning at thr<'<' wc~k ) 
the inr.rea · i. vcry light. B<'rhtc>rew (' .)) found acute innni-
tion in puppi · nncl kitt n. to produc an npparmt lo. · of wpight 
in nil of the organ. , induding to a ~ light e t nt tlw rmtral ner-
vou: :y.tem. Th gr<'at t lo.: :ulTer hy thP <'<'ntrul nPrrnu . 
. y ·t m wa appar ntly in th C<'r<'bral hcmi. ph<•re , wh<'rea · th 
smalle. t lo. · wa. in th ..:pinal rord. ~[irro . r.opir examination 
re\'eal cl vid nc of d lay d nwdullation in fihC'r tract · not full · 
dcYcloped wh n th fa in . tart d. 
Hntni (' ) not d an appar<'n ah. >lut decr<'a e of - per c nt 
in thew ight of th br in in young r t ulTering a lo. of appro. i-
mat ly 30 p r rent in body wpight du to an unfa\'orabl diet of 
tarch and h f-fat. 
Later, Hatai (' found th brain w ight in rii ..:tunt d by 
f din upon an unfarnrahle diet. to b practically idPntic. I with 
that for normal young r rat of th NUTIC hody w«i>ight. 
D nald. on ( 11) found th '' ight of the brain in a large eri 
of rat: h Id n rly at maint n. nr from to : 1 day. of ag t 
av rage 7. 7 p r cmt le. than that for the f ull-f d con rol a th 
sam ag . Howen•r, he point out that if compari n h mad 
with the calculat d initial brain \'eigh,t, an increa e of 3. p r c n 
i apparent in th und rf d rat . Thi in g •neral agr with 
the r ·ui of the pr nt im· tign ion . 
.Jack on {'1.- b) oh 'rv d pmctir.ally no change in th w igh 
of th brain in ·oung rat h<•ld a maintl't1anre for \'ariou p riod . 
tar ing at thr week of ng . )fy <' p rim<•n ar don much 
young r rat , and during a p rio I wh< n h brain nonnall.• how 
a mark d grm ·th apacity. Thi prob. hlv arr.ount for he 
remarkabl inc a in rain " ii.?h oh r\' d for my young ·t 
gr up. A later perio h brain lo it •arlier inh ity of 
growth. whi h i. more n arl • uallcd hy th remaind r of th 
b d •. uring a u nd chronic itmru ion in adul r th hr in 
lo lit 1 if an' in ah lu " i h (.Jark n ·r a) . 
I 
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SPI JAL CORD 
The weight of the pinal cord (table 2) like the brain in my 
controls averages slightly higher than the Wistar norm for rats 
of corre ponding length, the only exceptions being the two con-
trol males and one control female weighing about 70 grams net. 
The differences are less marked when the body weight is used as 
a ba i for comparison. As compared either with my controls 
or with the Wistar tables, the spinal cord is constantly heavier 
in the te t rats. In the test rats at three and ten weeks of 
age, the average increase (sexes combined) amounts to approxi-
mately 70 per cent, and at six weeks to about 38 per cent. In 
the other groups of test rats underfed for long periods, the in-
crea e while till considerable, is somewhat less marked, varying 
from 29 to 56 per cent in the various groups (table 2). 
Donald on ('11) al o found an increase in the weight of the 
pinal cord in rat held at 34 grams body weight from 30 to 51 
day of age. 
Jack on (' 15 b) found that during maintenance there was a 
w 11-marked increa e in the weight of the spinal cord, amounting 
to 36 p r cent in those at maintenance from three to ten weeks 
of age. 
It th refor appear that in young rats underfed at various ages 
the pinal cord how a remarkable tendency to grow, this ten-
d ncy being relatively strongest in those stunted from birth. 
Thi increa e in weight is also maintained (to a lesser degree) 
in young rat underfed through long periods of time. 
ccording to Jack on ('15 a) the pinal cord suffers practically 
no lo in ab olute weight <luring acute and chronic inanition in 
adult rat . 
EYEBALLS 
The weight of the eyeballs in my controls (table 2) averages 
constantly higher than the Wi tar norm for rats of corresponding 
1 n th. The difference , however, are not striking and are 
probably due largely to difference in body weight (my rats 
av raging lightly heavier than the Wistar norm for correspond-
ing 1 ngth). 
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When the weight of the eyeballs for the control is compared 
with the weight for the te t rat , it i evident that a marked in-
crease has occurred in the latter. .\.t tf'n week of age the in-
crease in weight from an average of 0.093 gram in the control 
to 0.155 gram in the te t rats, equal an increa e of more than 66 
per cent. At six and ten week of age the exec weight in favor 
of the test rats i le , being about 41 and 34 per cent respectively. 
The increase at later period , in ome in tanccs i. rven more 
striking, amounting to approximately73 per cent (srxr · combined) 
in the rats weighing nearly 50 gram af tcr ,·cry long period of 
fasting . 
.:\Iy results, therefore, confirm Jack on ' (' l.j b) ob crvation 
that the eyeball how a marked growth capacity in young rat 
kept at maintenance for variou period. . He su~est: that the 
possibility of continued growth of the eyeball ' i.' due largely to 
water ab orption, the water content of the eyeball. bring nor-
mally,·ery high ( 5.6 pr centat20day according to Lowrey' 13). 
The eyeball uff er practically no lo. in wright during acute 
and chronic inanition in adult rat according to .Jackson (' 15 a). 
A few observations '"ere made concerning the time at which 
the eyelids opened in my albino rat. ·. The data (table :3 ) in-
dicate that the eyelid open d in my control.· at an awragc ag 
of fifteen day , wherea in the t st rat ' the op ning i.' apparently 
delayed until about the event enth d·ly. The hody weight of the 
controls when the eyelid opened averaged lG.5 gram a. com-
pared with 9.9 gram for the t t rats. Th refore, although 
somewhat retarded in time, the eyelid.' ncverthele. · opened at a 
lighter body weight in th underfed individual ' than in the con-
trol . However, in the ca e of one litter ( . ~ t 63) it wa. noted that 
the eyelid opened in two te t rat weighing an average of 12.2 
gram even at a younger age (15 days) than in the control. The 
exact age at which the ey open d in the control. in thi . instance 
wa not recorded ex ept that it occurred after the fiftr nth day 
at a body weight of mor than 1-.5 gram . . 
Bechterew ('95) likewi e found a delay in the opf'ning of the 
eyelid in newborn dog and cat ubj ct d to acute inanition. 
everal inve tigator have not d the age at which the ye 
- ·-
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normally open in the albino rat. Jackson ('12) states that the 
eyes are opened at about sixteen or seventeen days of age. Don- · 
aldson ('15) ('The Rat,' p. 19) states that thEiJ eyes open from the 
fourteenth to the seventeenth days, most often on the fifteenth 
or sixteenth. 
King ('16) states that usually the female rats in a litter open 
their eyes several hours sooner than do the males. The delay 
in the opening of the eyelids observed in my test rats apparently 
is not because the data, incluae a large majority of females, for 
TABLE 3 
Age and gross body weight at which the eyelids opened in the control and tests rat& • 
CONTROLS TEST RATS 
Number of Age in Gross body Number of Age in Gross body Lit!Alr number individuals individuals 
and sex days weight and sex days weig-ht 
grams grams 
St 56 l (F ) 15 16.0 3(1 M, 2 F) 18 7 .9 
St 59 l (F ) 15 11.3 8(1 M, 7 F) 18 8. 6 
St 63 l (F ) 15+ 15 .5+ 2(F) 15 12.2 
St 68 l(M) 17 20.0 l(F) 18 14 .0 
St 92 2(1M, IF) 15 20 .0 2(1M, IF) 16 11.0 St 95 l(M) 18 11.0 St 102 l (F ) 14 15.0 6(F) 17 10 .2 St 106 l (F ) 14 15.0 2(1M,1F) 19 10.5 St 114 2(1M,1F) 15 15.8 
Average* . 10(3M, 7F) 15 16 .5 25(5M, 20F) 17 .5 9.9 
*Control of Litter St 63 excluded from the averages, as the exact time at 
which the eyelids opened was not recorded. · 
in practically every instance (see exception noted) the eyelids 
opened two or three days later in the test females than in the 
female controls of the same litter. 
THYROID GLAND 
In the test rats fasting from birth to three, six and ten weeks 
?f ag~ the .weight of the thyroid gland (table 2) is practically 
identical with that in the controls. However, in the rats under-
fed for very long periods, in which the experiments started at 
three week of age, the weight of the thyroid in most instances 
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~hows a marked decrease in the test rat when compared with 
either my controls or with the Wistar norm table . For example, 
in the case of the eight test rat ,\,~ighing about 50 grams after 
very long underfeeding the thyroid has apparently uff ered a 
loss of approximately 50 per cent in the male , although there is 
apparently no change in the females. 
These latter results therefore agree in general with tho e ob-
tained by J acksqn (' 15 b) in rats held at maintenance from the 
age of three to six, eight and ten weeks. In my younger rats, 
hmYever, subjected to inanition for variou. period tarting llt 
birth, the weight of the thyroid apparently remains practically 
unchanged. The power of maintenance in the thyroid therefore 
appears stronger in the very young rat . Considerable allow-
ance should be made for experimental error due to the difficulty 
. in dissecting the thyroid gland in an accurate manner. 
During acute inanition in adult rat , Jack on ('15 a) reports 
that the thyroid gland apparently lo e little or no weight, while 
in chronic inanition with an average lo in body weight of 36 
per cent, the thyroid gland lose only about 22 per cent in weight. 
THYMUS 
As is evident from table 2, the weight of the thymu is, without 
exception, much lighter in the te t rat than in the control . At 
three, six and ten weeks of age the lo in weight amounts to 
approximately 30} 60 and 0 per cent respectively. The decrea e 
in weight of the thymus in the te t rat , while very marked in 
all groups, is especially triking in the four te t male underfed 
412 days. From an average of 0.207 ram in the control , the 
weight in the te t rats ha decrea ed to 0.011 gram, a lo of 
approximately 94 per cent. Thi decrea e i not o remarkable, 
however when the normal involution with age i taken into ac-
' count. According to the Wi tar table , the normal weight of the 
thymus at 400 day i only 0.03J gram. 
Thus it i evident, a wa ob erved by Jack on (' 15 b) that the 
thymus lo e markedly in weight in young rat underfed for 
various period . He found a lo of about 90 per cent for the 
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thymus in rats held at maintenance from the age of three to ten 
weeks. 
Jonson ('O~) likewise found in young rabbits kept at constant 
body-weight for four weeks the weight of the thymus to be re-
duced to about one-thirtieth its initial value. The greatest loss 
is suffered by the cortex, which is reduced to one-twelfth of its 
initial weight during two weeks of maintenance. Judging from 
comparison with my own results, as well as wi~h .thos,e of Jack-
son, the process of hunger involution of the thymus would appear 
to be much more rapid and complete in the rabbit than in the 
rat. 
HEART 
The weight of the heart (table 2) in the rats underfed from birth 
to three weeks of age differs but little from' that in the controls . 
(decrease of about 10 per cent in the males; slight increase in the 
female ). At six and ten weeks of age, however, there is an 
evident increase in the heart weight. In those underfed from 
birth to si.x weeks, the average increase is about 13 per cent. For 
the groups underfed to ten weeks, the increase from an average 
of 0.092 gram in the controls to 0.117 gram in the test rats (sexes 
combined) represeJJ.ts an increase of about 27 per cent (subject 
to slight correction for differences in body weight). In the rats 
underfed for very long periods, the heart weight, while variable 
in mo tin tances, is lower than in the controls. There is a de-
crea e in the various groups, varying from about 8 to 29 per cent, 
excepting the four females at 392 days, which show an apparent 
increase of about 3 per cent (most of which may be accounted 
for a due to difference ii body weight). 
In general, therefore, the data indicate a slight increase in the 
weight of the heart in the test rats at six and ten weeks of age, 
while during the later periods the heart apparently lost weight 
in the majority of instances. However, on account of the nor-
~al very considerable variability of the heart weight, especially 
m young rats (Jackson '13), the apparent changes in the heart 
during underfeeding are probably somewhat doubtful. 
In young rats kept at constant body weight for various periods, 
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and also in adult rats subjected to acute and chronic inanition 
Jackson ('15 a, '15 b) found the percentage weight of the heart 
to remain practically unchanged. Apparently the effects were 
less marked than in my ·experiments, in which the underfeeding 
was begun earlier, or carried over longer periods. 
LUNGS 
As compared with the Wistar norm for rats of corresponding 
body length, the weight of the lungs (table 2) appears to be 
unusually high in my young controls. For the largest group 
(14 rats, 7 males and 7 females, 13 day old) weighing about 15 
grams, the average absolute weight of the lung ( exes combined) 
is 0.234 gram, as compared with the Wistar average of 0.166 
gram for rats of corresponding body length . 
. Jackson ('13) found the normal weight of the lungs in the rat 
at one week to average 0.193 gram, with which my average of 
0.1995 gram for controls of the same age agrees clo ely. It 
appears, therefore, as pointed out by Jackson ('13), that weights 
for the lungs derived from Hatai's formula appear much lower 
than the actual observed values in very young rat . 
As compared with my control , the average weight of the lungs 
is low in the test rats at three, six and ten week of age, the 
decrease in each ca e amounting to a lo of approximately 26 
per cent (subject to slight correction for difference in body weight). 
In the longer experiment the lung average heavier for the 
underfed rats than in the control , with the exception of one 
female at 139 days. The pre ence of lung infection among the 
older underfed rats probably accounts in part at lea t for the 
increase in the weight of the lung . The data for the te t rats 
weighing about 70 gram after very long fa ting al o include the 
weights of the lung for five rat which ·were a phyxiated. In 
these instances the weight would no doubt be high due to the 
greater amount of blood retained"in the lung . Therefore the 
effect of the very long fa ting period upon the weight of the lung 
is doubtful. 
Jackson (' 15 b) found that in young rat ubjected to.main-
tenance for variou period , the lung how a light decrea e in 
<Ill: "TEU .\. .-TEWART 
,, Pighl clurin r tlw •arlic•r p rio<l~ (d r a e of 15 per cent) but 
not Jat<•r. It i. vi<l nt from my re ult that the lo s in the 
Junµ; "<·i •ht in v ry :oung und rfe<l rat i con iderably greater. 
Durin~ arut~ and rhronir inanition in adult rat the lungs lo e 
wpight in ahem the am proportion a. th whole body (Jack on 
'I,) a). 
LIVER 
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and ten week ) , however, the spleen shows a marked tendency to 
growth, the average apparent increase being about 27 per cent. 
In rats underfed for longer periods, beginning at three weeks of 
age, on the contrary, there is an apparent decrea~e in the weight 
of the ph•en, except in the four females at 412 days. On account 
of the extreme normal variability of the spleen, however, the 
apparent atrophy during the later fasting periods may be of doubt-
ful ignificance. It is nevertheless in agreement with the doc-
trine that lymphoid tissues in general tend to atrophy during 
inanition (cf. Jolly et Levin, '11) . 
Jackson ('15 b) noted a:reduction in the weight of the spleen in 
young rat during the earlier periods of underfeeding (beginning 
at thr e week ), while at later periods there was no material 
change in weight. In adult rats during chronic inanition the 
average lo in weight is nearly proportional to that of the entire 
body while in acute inanition the loss appears very much greater 
(Jack on '15 a). 
STOMACH AND INTESTINES 
The average weight of the stomach and intestines (including 
content ) i 1.10 grams (table 2) for my controls at one week. 
Thi i omewhat higher than the normal weight 0.733 gram 
obtained by Jack on ('13) for a large eries of the same age. The 
diff eren e i not entirely due to a difference in the amount of the 
content for the weight of the empty alimentary canal (0.36 
gram) likewi e average higher than Jackson's weight (0.296 
gram). 
The weight of the contents of the alimentary canal (obtained 
by deducting the weight of the empty from the full alimentary 
canal) i much lower at three weeks in the test rats than in the 
control . At ix and ten weeks of age, however, the weight of the 
content i xce ively heavy in the underfed rats. In the later 
p riod of underfeeding the data are variable but show a tend-
ncy to d crea e. 
Jack on ('15 b) noted an increase in the contents of the alirnen-
tary canal during the early period of underfeeding, while during 
the longer experiment the change (a tendency to decrease) was 
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less marked. This is in agreement with my finding ', exc pting 
the youngest group. 
As compared with my controls, the weight of the empty ali-
mentary canal is higher in the te t rat at three, ix and ten week 
of age than in the control . At ten week of age the weight of the 
empty digestive canal apparently ha nearly doubled in the 
underfed animals. 
,U the later periods, however, the data indicate a reduction in 
weight of the empty alimentary canal, which i e. pecially triking 
(34 per cent decrease) in the 4 male weighing about 75 gram at 
291 days of age. 
Jackson ('15 b) likewi e fow1d the emp y alimentary canal to 
incre~se in weight during the shorter maintenanc period , after 
which there was a decline in weight. 
During both acute and chronic inanition in adult rat. there i 
a very marked decrea e in the weight of the tomach and inte -
tines, both with and without content (Jack on 1 ~ a.). 
SUPRARE AL GLA D 
The average weight of the uprarenal (table 2,. exe. combined) 
(0.0027 g.) for my control at one week agree fairly with th nor-
mal average (0.00226 g.) obtained by Jack on ( 13) hut is far 
below the weight given in the -n'i tar table for rat. of corre-
sponding body length. Thu the w ight for the . uprarenal: at 
one week derived from Hatai' formula m much too high, at 
least for normal rat from the .:.\Ii . ouri and .:.\Iinne.-.ota colonie . 
For the control at 13 and 14: day of age (tabl 2) the differen c i. 
le marked. 
A compared with my control , the wei ht of the ·uprar nal 
(except in the four male at 291 day ) i con tautly higher in the 
te t rat . The average increa. e in th wei h of th uprar nal 
(sexes combined) in the te t rat at thr and ix we k of ag 
amount to more than 60 per cent (uncorrect d for Ii ht dif-
ference in body weight). At ten week of a th cliff ren h 
reached a maximum averag of appr ximately 114 p r c nt. t 
later period (except in the four rnal at 291 day , in which 
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instance there was a loss of about 11 per cent) the suprarenals in 
the test rats exceed those of the corresponding controls 12 t o 87 
per cent. It should be noted that the weight of the suprarenals 
i slightly higher in the test females than in the males of corre-
sponding body weight at ten weeks of age and also at all subse-
quent periods, thus indicating the appearance of sexual differ-
entiation during underfeeding. 
Jackson ('15 b) also found the suprarenals to manifest a marked 
growth tendency in young rats held at maintenance. He noted 
a maximum increase of 39 per cent in the female underfed from 
three to ten weeks of age. Apparently the growth of the supra-
renals was less marked than in my experiments, in which the 
underfeeding was begun earlier or carried over longer periods. As 
occurs normally, the suprarenals during underfeeding underwent 
sexual differentiation in weight, also confirming the results of 
Jackson. In adult rats, there is but little loss in the absolute 
weight of the suprarenal glands during inanition (Jackson '15 a). 
KIDNEYS 
ing my controls as a basis for comparison, there is apparently 
an increase in the weight of the kidneys (table 2) in the rats 
underfed from birth to three, six and ten weeks of age. The 
apparent average increase (uncorrected for difference in body 
w ight) amount to about 21 per cent at three weeks, 45 per cent 
at ix week , and 3 per cent at ten weeks. 
In the rat underfed for very long periods the weight of the 
kidney i variable, some showing an increase and others a de-
crea e. Due to this inconstancy in results, the changes are of 
que tionable ignificance. 
In generl:!-1 therefore it appears that, as was observed by Jackson 
('15 b) the kidneys tend to increase in weight during the earlier 
p riod of the experiment, but show no definite change during 
later period . The increase in my young rats is more striking 
than the increa e ob erved by Jackson. This is probably due to 
the fact that my rats were placed upon the experiment at a 
younger age, when the intensity of growth in the kidney is greater. 
In adult rat during acute and chronic inanition Jackson ('15a) 
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found the kidneys to lose weight relatively lightly le s than the 
entire body. 
TESTES Ar D EPIDIDYMIDES 
From the data in table 2 it can be een that the Wi tar data for 
the testes greatly exceed the corresponding weight for my control 
rats at 7 and 13 days of age. At one week the difference (0.016 
to 0.041 gram) is especially striking. However the combined 
average weight of the testes and epididymides (0.023 g.) for mv 
controls at one week corresponds clo ely with Jack on' ('1:3) 
normal (0.0273 g.) at the same age. It is therefore apparent that 
the Wistar data are much too high for the e young rat . For the 
older controls, my data correspond fairly well with the Wi tar 
tables. 
Using my controls for compari on the weight of the te te in the 
test rats is exceedingly high at three, ix and ten weeks of age. 
At three weeks the weight of the te te in the te t rat exceed that 
for the younger controls of the ame body weight approximately 
188 per cent. At six and ten week of age the increa e (uncor-
rected for differences in body weight) amount to about 62 and 51 
per cent respectively, having become progre ively le . 
' In the rats weighing 75 gram at 291 day the weight of the 
testes is practically identical with that for the qontrol . At 139 
and 412 days of age, however, the te te have. evidently uffered a 
marked loss in weight. The decrea e (0.394 gram to 0.22 gram) 
in the te t males of the latter group amount to a lo of about 42 
per cent. 
From the foregoing it is evident that in young rat th te. tc 
increase considerably during the horter period of underfeeding. 
With very prolonged stunting, however, the te te may how 
practically no change, or a lo s which varie up to a con iderable 
amount. Jack on ('15 a) noted an increa e of 34 per cent in the 
weight of the testes in young rat held at con tant body weight 
from three to ten week of age. My re ult are much mor strik-
ing, however, which i probably due to the tronger growth tend-
ency of the testes in my very young rat which were underfed 
from birth. Con iderable caution mu t be exerci ed in drawing 
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conclusion , however, on account of physiological variability in 
the weight of the te tes. . 
The weight of epididymides (table 2) in my test rats of three and 
six "·eek of age is higher than for the corresponding controls. 
For the younge t group there is an apparent increase from a 
normal w ight of 0.007 gram to 0.0154 gram an increase of over 
9,5 per cent (uncorrected for slight difference in body weight). 
At ix week of age the exce weight for the epididymides in 
th te ' t rat i only 13 per cent. 
In the rat underfed to ten weeks of age and also in those at 412 
da , there i an apparent lo s in the weight of the epididymi. 
The lo at ten week amounts to approximately 6 per cent, and 
at 412 day to about 32 per cent. However, in the test rats 
weighing 67.2 gram net at 291 day there is an apparent increase 
in thew ight of the epididymi from 0.108 to 0.315 gram. In all 
ca c the percentage lo e above e timated are subject to 
c rrection for light difference in body weight. 
In general, therefore, the data indicate that in the youngest 
rat ther i a marked increa e in the weight of the epididymides, 
but that later there i a lo of weight in most cases. 
Jack. on (' 15 b) found an apparent slight loss in the epididymides 
in rat h Id at con tant body weight from three to six and ten 
w ek of ag . Jn adult rat during inanition Jackson ('15 a) 
found tha the t t and epididymide apparently lose weight 
in about the me proportion a the entire body. 
OVARIES 
Th wei ht of the ovarie (table 2) in my controls at seven days 
of ag (0.001 g.) i v ry much lower than the Wistar norm 
(O. 33 g. ) for corr ponding body length. The difference 
amount. to rnor than 0 per cent. Jack on ('13) found the 
w i h of th ovary to average 0.00121 g. at one week of age, 
which i v n lower than my data. It therefore appears fairly 
c rtain that he w ight of the ovary calculated from Hatai's for-
mula i too high for thi early period. At later ages my data do 
no cliff r o gr atly from the Wi tar table . 
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In my rats underfed from birth to three, ix and ten week of 
age, there is apparently a con iderable increa e in the weight of 
the ovary. At ten week the increase from an average of 0.002 
gram in the controls to 0.0043 gram in the te t rats repre ent a 
gain of approximately 54 per cent (uncorrected for body weight). 
At three and six weeks of age the difference are greater, amount-
ing to 83 and 91 per cent respectively. 
The data for the ovarie in the fem ale ubjected to very long 
periods of fasting are variable, but in mo t in tance how a 
tendency to increa e. Conclu ions, however, are hazardou on 
account of the mall number of ob ervation and al o on account 
of the extremely great cyclic change in the w ight of thP ovary 
due to ovulation. Al o the normal growth curve of the O\'ary i 
very complicated, a hown by Hatai ('13). 
Jackson (' 15 b) ob erved in th ovarie a decrea. e of about 27 
per cent in weight in young rat. kept at con taut body '·eight 
from three to ten weeks of age. Hi data, ho\\ ver, indicate a 
slight increa e in the younge t group und rf d from thr to. ix 
week . ;\Iy result would indicate that at earlier p riod' the 
growth impul e of the ovary in underf d rat till ·trong r, 
re ulting in a marked increa ·e in it weight. 
HYPOPHY I 
The wei!!'ht of the hypophysi (tabl 2) appear· higher in my 
control (except for the one female weighing about 70 gram.) than 
the Wi tar norm for rat of corre.·ponding body 1 ngth. 1 he hi h 
weight for the gland in my controls can be attributed part! _,. to 
differences in body weight, my rat. b ing . lightly header than 
the norm for corre ponding body length. 
A compared with my control:, th weight of th hypoph~·!"i. at 
three, ix and ten week of age i highrr in the te t rat than in th 
control . t thre and ten "e k of age th incrC'a e ( exe · com-
bined) for the te t rat amount to approximately 33 and 24 per 
cent re pectively (uncorr t cl for . light cliff r n e in body 
wei ht). At L'< w k of ag the incr a. i 1 amounting 
about per cent. There i · appar ntly no xual di ff r nc in the 
mcrea at the e age .. 
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In the t :,;t rat. unclerf d for very long periods, however, the 
hypophy i: i. variabl . In the te t male at 412 days there is 
an apparent averag decrca e in ab olute weight from 0.0033 
gram to O. 2 gram, a lo s of oYer 15 per cent. The decrease in 
th mal : at ~01 clay of age amount to approximately 21 per cent. 
n th oth r hand, in th female fa ting for long periods there is 
no uch cl crea. . In fact f r the one female at 316 days the 
,,. ight of the hypophy i how no change, wherea at 392 and 
314 day ther i an appar nt average increa e of approximately 
10 and 11 per ent re pectively ~ ubject to light correction for 
differ nc in body wei ht). It hould be noted that the weight of 
th h •pophy,'i i li htly higher in the very old te t females than 
in th mal ,', . ug ting tha xual cliff rentiation in weight has 
occurr d. 
In general, th r for , it appear that the hypophysis increases 
on id rably in w i ht in underf eel rat during the earlier periods. 
In th v ry Ion xp rim nt how ver the exe appear to react 
djff r ntly. Th weight of th hypophy i in the male appar-
ntly ufT r.' a l . during v ry prolonged fa ting, but in the 
f mal . it . how a ligh increa e in weight. Jack on ('15 b) 
• imilarly not cl a di tinct t ndency to an increa e with the appear-
anc of . exual cliff rentiation in th weight of the hypophy i in 
raL held at con tant w ight from three to ten week of age. Dur-
ing inaniti n in adult rat the r lative weight of the hypophy is 
i · pra tically un hang cl (Jack on 15 a) . 
uit r c ntly Jack on ( 17) ha tudied the volume-changes in 
h lob of th hypophy i in rat underf eel for various periods. 
In young rat k pt at on tant body weight the par anterior is 
, om what r du cl in r lativ ize, the intermedia and nervo a 
b mm p ndingly lar r. 
PI,'EAL BODY 
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Considerable allowance mu t be mad for experimental rror, 
and for variability (the extent of which i unknown). 
The data for the control rats indicate no xual differ nc in 
the weight of the gland at the age ob erved. Ho kin ('16) 
likewise found no ignifican t difference according to ex. 
DISCU ION 
In general, the result of the pre ent inve tigation concerning 
the effects of underfeeding upon very young rat and upon lightly 
older rats underfed for very long period agree fairly well with 
those obtained by Jack on ('15 b) in rat held at maintenance for 
various period beginning at three week of age. Ther are, how-
ever, certain difference found in my rat in which the underf d-
ing began shortly after birth, or wa prolonged for very con ider-
able period . The e difference ar probably due chiefly to the 
varying tendencie to growth and maintenance among th variou 
organ at different period . 
With reference to their growth tenden y in young rat 
con tant body weight, the or an ar divid db Jack on ( 1- b) 
into three cla es: (1) tho e having a growth tend ncy tr ng 
that they continue to increa e, even when the body weight i held 
constant; (2) tho e which approximately hold their weight c n-
stant (variation within 10 per cent) under the e condition. ; and 
(3) tho e which are unable to maintain th rn Ive and 1 m 
weight. 
The di tribution of the or ans accordin to thi chem for my 
rat underfed from birth to ten we k , al· for tho~ w ighing 
about 50 gram after very long period of fa tin tog thcr with 
Jack on' ('15 b) re ult for rat und rf d from thr t t n w k 
are shown in tabl 4. 
On comparing my re ult with Jack on it app 
young rat under£ d from birth to t n week of ag a lar r nwn-
ber of organ how a t ndency to incrc than in r t und rf .d 
from thr e to ten week . n th other hand very long fa ting 
apparently add to th numb r of or an which fall into th 
group howing approximate maint nanc or a tend nc ' toward 
lo in weight. 
TABLE 4 
Comparison, of growth tendency; (l)in young rats underfed from birth to ten weeks; (2) in young rats held at maintenance from 
three to ten weeks; aiid (3') in rats weighing approximately 50 grams after very long fasting 
MARKED TENDENCY TO PER CENT 
WElOHT NEARLY PER CENT 
MARKED LOSS IN PER CENT 
. OHOWTU DURING CO.'/'STANT DURING 
WEIGIIT DURING 
UNDERFE£D.ING 
OF C'HANOE UNDE£U'EEDJNO 
OF CHANGE UNDEHPEEDINO 
Of<, C H ANGE 
Suprarenals +114 Musculature +10 Thymus 
-80 
Alimentary canal +loo Brain +8 Integument 
-48 
Rats underfed from birth to Spinal cord +10 Thyroid +4 
Lungs -26 
ten weeks of age (Stewart) Eyeballs +66 Epididymi - 6 
Liver +64 
Ovaries + s4 
Testes +s1 
Kidneys +38 
Heart +27 
Spleen +24 
Hypophysis +24 
Skeleton +24 
Rats held at constant body Eyeballs +so Liver +lo.3 
Thymus -90 
weight from three to ten Spinal cord +36 Kidneys + 4.1 
Spleen -42 
\\"eeks of age (Jackson) Testes +34 Musculature + 3.0 Integument • 
-36 
Skeleton +28 Brain - 0 5 Ovaries 
-27 
Alimentary canal + 28 H eart - 0.6 Thyroid 
-24 
Lungs -15 
Suprarenals f M +12 }~ +39 
Hypophysis 
+18 
't F +rn 
-----
Rats weighing about 50 grams Eyeballs +73 Lungs +28(?) \ Thymus 
-90 
after very long periods of Spinal cord +40 Hypophysis, F 
+10 Testes -42 
fasting (twenty-one to about Suprarenals f M +31 
Brain +4 Epididymi - 32 
four hundred days )(Stewart) 'tF +66 Musculature + 4 Alimentary canal 
-27 
Skeleton +32 Spleen - 5 
Ml Ovaries 
+11 Kidney~ - 6 Thyroid -36 
Liver - 7 Hypophysis -15 
Heart -10 Integument -11 
CJ,;) 
~ Q) 
0 
~ 
i:'1 
w 
>-3 
i:'1 
l=d 
?'" 
w 
~ 
~ 
> ~ 
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Thus the liver, ovaries, kidneys, heart and spleen show a marked 
tendency to increase in weight in the rats underfed from birth to 
ten weeks, but not in those underfed from three to ten weeks. 
On the other hand, in my rats fasting for very long period , the 
hypophysis (in the males), alimentary canal, testes and epididymi 
show a marked loss in "'.eight, which does not occur in rats under-
fed for shorter periods. 
The present experirrients thus emphasize the fact that with 
advancing age, many of the different organs show a changing 
tendency in their growth reaction during underfeeding. The 
same organ (for example, the heart or alimentary canal) in young 
animals during the earlier periods of fasting may manifest a 
marked tendency toward continued growth while the increa e 
in body weight is greatly retarded, but later may barely maintain 
itself, and finally perhaps even lose weight. Other organs, like 
the eyeballs, spinal cord and skeleton, continue to grow or main-
tain their weight with remarkable persistency; while still other 
(thymus) show a marked loss throughout all period of inanition. 
These changes in weight in the various systems and organs of the 
young body during inanition ar probably correlated with hi to-
logical, chemical and physiological changes concerning which a 
yet but little is known. 
SUMMARY 
The more important results of the pre ent inve tigation may be 
summarized briefly as follows: 
Newborn albino rats are able to withstand eparation from the 
mother for nearly one-half of the total time for the usual nur ing 
period of three we~ks, resulting in great retardation of the normal 
growth of the body as a whole. 
During the underfeeding, the tail in the te t rat elongate' more 
rapidly than the body, thus producing relatively long-tailed 
individuals. 
The eyelid in the test rats open at a body weight lower than in 
the controls, but the time of opening i omewhat delayed. 
As to the body proportions, the "·eight of the extrcmitie are 
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but slightly (if at all) changed in the test rats during both short 
and very long fasting periods. The head apparently increases 
slightly in weight, especially during the very long fasts, the in-
crea e being compensated by a slight decrease in the weight of the 
trunk. 
The re ult for the various systems are as follows: 
The keleton hows a considerable in'crease in weight in the 
test rats. The growth apparently proceeds along the lines of 
normal development, as indicated by a decrease in water-content, 
the appearance of third molar teeth, and by formation and fusion 
of variou epiphy e . 
The mu culature in the test rats increases slightly in weight in 
the majority of ca e . 
The vi ceral group (as a whole) shows a considerable increase in 
weight in the te t rats underfed from birth to three, six and ten 
week of ·age. During the longer fasts there is apparently a less 
definite change, with a tendency to decrease in the majority of 
ca e. 
The integument remain practically normal in weight in the 
rat underfed from birth to three weeks, but shows a marked loss 
in weight later. Although the integument as a whole loses weight 
during underfeeding to ten week of age, nevertheless the external 
ear continue to grow con iderably in size, and tends to assume 
the normal adult appearance. The continued growth of the ear 
i probably a ociated with the per i tent growth tendency of its 
keletal (cartilaginou ) portion. 
The 'r mainder' appears to decrea e in the rats underfed to 
three week of age, which i partly compensated for by skeletal 
increa e. During the longer fa ts there i a light increase in the 
weight of the 'remainder' in the majority of ca es. 
In g neral, therefore, in young rat ubjected to prolonged 
inanition, there app ars to be a progre ive tendency in the skele-
ton and (to a light extent) in the mu culature to increase in 
w ight, counterbalanced by a decrea e in the integument and 
vi era. The individual organ of the vi ceral group vary greatly, 
however. 
The brain how a very marked increa e in weight in the test 
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rats underfed to three week , and also to a light extent at later 
periods. 
The spinal cord hows a rna:rked increa e in weight in the te t 
rats up to ten weeks of age, and al o to a le :er degree in the 
longer periods. 
Thrre is a marked increase in the weight of the eyeballs in the 
test rats during both the short and the very long fast . 
The thyroid gland apparently remain practically unchanged 
in weight in the test rats at three, six, and ten weeks, but u ually 
8uffers a loss later. 
The thymus shows a progre ive <lecrea e to about 0 per cent 
loss in weight in the test rat at ten weeks, with ·till greater lo-.;s 
(up to 94 per cent) at later period . 
There is little change in the weight of the heart in the te t rat. 
at three week . At six and ten week there i an apparent in-
crea e of 13 and 27 per cent re pectively. During the longrr 
fa ting period the heart apparently lo e weight. 
At three, six and ten weeks the lung:; how a. lo'ls of about 29 
per cent in the te t rats. .\.t the later period.' there is an appar nt 
increase which is of que,·tionable significance. 
The liver show an apparent increa e of 16, 70 and 6-! per cent 
in weight in the te t rat , at three, . ix and ten w ek8, respectively. 
During the very long fa t' it i, variable, with a tendency to de-
crease considerably in the majority of ca' '. 
There i an apparent los' of 49 per cent in the weight of the 'pleen 
in the te8t rat· at three week., while at "ix and ten weeks there i. 
an apparent increa. e of about 27 per cent. During the later 
periods the spleen i ' Yariable, :howing a tendency to decrease in 
most instance . 
The alimentary canal, including content. , . how: a los" in the 
te ' t rat , at three weeks of age. wherea at six and ten w ck there 
is an apparent increase. Th changes are yariable in the longer 
periods. 
There is a marked increa 'e in the weight of the empty alimen-
tary canal in the te. t rat up to ten week·. . \. rc(1urtion in 
weight, however, u.'ually occur durin th.c \·ery prolonrred 
fa t . 
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The suprarenal in the te t rats show a progressive increase in 
weight amounting to about 114 per cent at ten weeks, which 
usually is maintained, to a le ser degree, during .the longer fasts, 
in the majority of ca es. At ten weeks of age and also at subse-
quent periods the suprarenals are heavier in the test females than 
in the te t males of corre ponding age and body weight, thus 
indicating the appearance of sexual differentiation in weight dur-
ing underfeeding. 
There is an increa e in the weight of the kidneys in the test rats 
at three, six, and ten weeks of age, but it variation from the nor-
mal appear doubtful at later periods. 
The te te how a marked increa e in weight in the test rats at 
three, ix, and ten weeks, but later are variable, in some cases 
showing no change, and in other instances losing considerably in 
weight. 
There is an increa e in the weight of the epididymides of 95 and 
14 per cent in the te t rat at three and six weeks respectively. 
At ten week and later the epididymides apparently lose weight 
in the underfed rat . 
The ovarie how a marked increase in the test rats at three, 
ix and ten week of age, but are variable later, in most instances 
howing a tendency to increa e. 
There i an increa e in the weight of the hypophysis in the test 
rat at three, ix and ten week . Later the hypophysis is vari-
able, showing a lo in the male and an increase in the females in 
mo t instance . In the very old te t females the weight of the 
hypophy i i higher than in the corresponding males, indicating 
that sexual differentiation in the weight of the gland had occurred. 
There i apparently no definite change in the weight of the 
pineal body during either hort or very long periods of fasting. 
In general, it therefore appears that in rats underfed from 
birth up to three, ix and ten weeks, there is a marked increase in 
the weight of the pinal cord, eyeball , liver, and stomach and 
inte tine .(empty). A le marked tendency to increase occurs 
in the brain (e pecially in th earlie t period), heart (progre ive 
increa e), pl en (at ix and ten weeks), inte tinal contents (at 
ix and ten week), uprar nal (progre ive increase), kidneys, 
._.. 
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testes, epididymi (at three and six weeks, loss later), ovaries and 
hypophysis. 
There is no marked change in the weights of the thyroid and 
pineal glands. A marked loss in weight occurs in the lungs and 
especially in the thymus. In the earliest period only (up to three 
weeks) there is a loss in the weight of the spleen and intestinal 
contents. In the rats underfed for very long periods (starting at three 
weeks of age), the well-marked increase is maintained in the 
weight of the spinal cord, eyeballs, and usually of the supraren'lls. 
The brain also shows a slight increase. In the ca e of the 
lungs, however, the apparent increase is of doubtful significance. 
There is apparently no marked change (or inconstant variability) 
in the weights of the intestinal contents, kidneys, ovaries, testes 
(?), and pineal body. The thyroid, thymus, heart, ~ver (vari-
able), spleen (variable), alimentary canal (empty), epididymi, 
and hypophysis (in males) usually suffer a loss in weight during 
the long underfeeding periods. 
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